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ABSTRACT 
Detailed mapping of contacts, faults and magneto- 
stratigraphy reveals that the Challis Volcanics in the 
Copper Basin have been highly faulted since their ex- 
trusion. Faulting occurred in several generations. The 
offsets produced by individual faults, as well as dis- 
placements created by entire patterns, were studied to 
present a post-Challis structural evolution of the map 
area. 
The oldest set of faults control the drainage in the 
area. They strike north to northeast and have dips that 
are vertical to high angle. These faults are offset by a 
series of normal faults which strike northwest and dip 
steeply northeast.  The total throw on these faults may 
exceed 300 meters. The youngest set of faults strikes 
N 25° W and dips northeast. They have produced conside- 
rable relief as shown by their large fresh escarpments. 
The orientations of the three fault patterns agree with 
the orientations of major lineaments seen on an ERTS 
photo of the area. 
Magnetostratigraphy was used to differentiate units 
within thick flows of agglomerates and andesites. One 
series of normal polarity rocks under reversed polarity 
rocks was common, but an andesite in Little Boone Creek 
records two series of normal to reversed rocks.  Using 
the reversal contacts as stratigraphic boundaries, it was 
possible to calculate unit thicknesses, fault displace- 
ments, and to orient rotated blocks. 
Any of the volcanic units can be seen unconformably 
overlying a Paleozoic formation, or the Smiley Creek 
Conglomerate. Examination of the contacts, and the law of 
superposition indicate a depositional sequence that begins 
with agglomerate extrusion, followed by andesite lavas, 
white tuff and, lastly, brown tuff. Many of the contacts 
between these units are faulted, adding to the complexity. 
INTRODUCTION 
Objectives 
The Challis Volcanics are undifferentiatod and, until 
recently, little studied. In the Copper Basin, the Challis 
Volcanics are 1,500 - 2,500 feet thick and consist pri- 
marily of similar appearing latitic to andesitic flows and 
agglomerates. Tuffs that are interbedded with the latlte 
-andesite rocks are not suitable as marker units because 
they appear to lack lateral continuity. The intent of this 
investigation is to map volcanic units, structures and the 
nature of the contacts between volcanics and other rocks. 
A second aim of the project is to determine a volcanic 
stratigraphy, based upon reversed and normal magnetic 
polarity. Citrone (1978) has recently completed a petro- 
graphic study of the Challis Volcanics in the area. To- 
gether, these studies will enhance our knowledge of the 
post-Cretaceous structural evolution of the Copper Basin, 
Pioneer and White Knob Mountains. Knowledge of the post 
-Cretaceous history of the Copper Basin area will give 
insight into the tectonic development of the Basin as well 
as that of south central Idaho. 
Location 
The Copper Basin region (longitude 113° 45' West to 
114° 5' West; latitude 43° 45* North to 43° 57* North) is 
located in Custer County of south central Idaho (gee 
Figure 1).  It is 16 km (10 miles) west of Mackay, 40 km 
(25 miles) northwest of Arco and 32 km (20 miles) ea3t of 
Ketchum. The study area is along the southwest side of 
the East Fork of the Big Lost River at the northwest cor- 
ner of the Copper Basin.  It lies in portions of four 7.5 
minute Quadrangles, the Hackay Quadrangles, 2 NW and 2 SW, 
the Standhope Peak Quadrangle and the Harry Canyon Quad- 
rangle.  Prominent geographic features besides the Copper 
Basin include two northwest-southeast trending mountain 
ranges, the White Knob Mountains, which lie on the north- 
east side of the Basin and the Pioneer Mountains, which 
are situated on the southwest side. The Copper Basin is a 
glaciated intermontane depression between the White Knob 
and Pioneer Mountains. Vertical relief in the study area 
is approximately 1,415 meters (4,250 feet).  Big Black 
Dome is 3,780 meters (11,353 feet), and a low point of 
2,400 meters (7,200 feet) can be found along the East 
Fork of the Big Lost River. The East Fork of the Big 
Lost River drains the Copper Basin as well as the' south 
facing slopes of the White Knob and the north facing 
slopes of the Pioneer Mountains. 
Geological Setting 
Bedrock geology in the area includes a sequence of 
Fig. 1-- Location map of the White Knob Mountains* 
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upper Paleozoic clastic and carbonate sedimentary rocks 
underlying Tertiary conglomerates and volcanics. The 
sedimentary sequence to the west in the Pioneer Mountains 
i3 known as the Glide Mountain Group of Dover (Open file 
report, 1976).  To the east in the White Knob Mountains, 
the sedimentary sequence is known as the Copper Basin 
Group (Paull et al., 1972) (see Figure 2).  The Copper 
Basin Group and its correlatives are found throughout 
south central Idaho and are postulated to be the result 
of deposition into a rapidly subsiding, narrow, eugeo- 
synclinal trough which featured sediment sources on both 
sides (Skipp 61a, Ross 62a, 62b, and Thomasson 1959). 
Paleozoic rock units found in the map area include 
elastics and carbonates of the Glide Mountain Plate and 
Copper Basin Group (Dover 1975).  They are included in 
the Copper Basin Group of Paull (1972).  The lowest mem- 
ber present in the map area is the Little Copper Forma- 
tion (Paull et al., 1977), 1,120 meters (3,700 feet) 
thick and early Mississippian in age.  It is a dark gray 
argillite with quartzite conglomerate interbeds and a 
few limestone lenses. The upper contact is gradational 
into the Drummond Mine Limestone, 850 meters (2,600 
feet) of upper Mississippian age. The Scorpion Mountain 
Formation, 1,100 meters (3,625 feet) thick, overlies the 
Drummond Mine Limestone, this contact being gradational 
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Fig. 2. Paleozoic stratigraphic column for the White 
Knob Mountains. The column on the left is 
according to Paull 1977; the one on the 
right is from Nilsen 1978. 
also.  The Scorpion Mountain Formation is a pebble con- 
glomerate with quartzite interbeds.  It is overlain by 
the Muldoon Canyon Formation, 1,375 meters (4,150 feet), 
a thick ar^illite with conglomerate and limestone inter- 
beds.  The Pennsylvanian-Mississippian boundary has not 
definitely been established but may lie within the Mul- 
doon Canyon Formation.  Above the Muldoon Canyon Forma- 
tion lies the Lower (?) to Middle Pennsylvanian Brockio 
Lake Conglomerate, 710 meters (2,150 feet) thick.  The 
Iron Bog Creek Formation, 500 meters (1,500 feet) thick, 
is a thin argillite cap on the Paleozoics in the Copper 
Basin. 
Nilsen (1977) disagrees with Paull's stratigraphy 
of the Copper Basin Group.  He believes that the section 
in this area has been repeated by faulting and that the 
Brockie Lake Conglomerate, the Green Lake Limestone 
member of the Muldoon Canyon Formation, and the upper 
part of the Muldoon Canyon Formation are the equivalents 
of the Scorpion Mountain Formation, the Drummond Mine 
Limestone and the Little Copper Formation respectively. 
At present, this controversy has not been resolved; and, 
since this study deals with rock units that po3t-date 
the deposition and subsequent deformation of the rocks 
of the Copper Basin Group, it was not considered necessary 
to pursue this problem (see Figure 2). 
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The clastic sedimentary units reflect deposition 
from a western source, while the limestone units are 
derived from the stable craton to the east.  The alter- 
nating periods of quiescence and uplift associated with 
the Antler Orogeny are the probable cause of the deposi- 
tional sequences seen in the Copper Basin Group and the 
Glide Mountain Group (Nelson and Ross 1969, Paull 1972, 
and Dover 1975).  Quartzite and conglomerate interbeds 
in the limestones record pulses of the Antler Orogeny. 
The chert clasts in the conglomerate interbeds have been 
traced to a western source. The conglomerate lenses in 
the carbonates of the Wood River Formation (part of the 
Glide Mountain Group) and the White Knob Limestones also 
reflect a western source, while carbonate deposition was 
from the east. A calcareous sandstone in the Wood River 
Formation and the Copper Basin Group Brockie Lake con- 
glomerate coupled with argillacious units are thought to 
record a pulse and a period of quiescence (in the Antler 
Orogeny). 
The Larimide Orogeny culminated the Mesozoic and 
was followed by erosion which created approximately 610 
meters (2,000 feet) of vertical relief.  Late Cretaceous 
thrust faulting intensely deformed the Paleozoic rock3. 
Structural windows and jumbled allochthonous units re- 
veal the intensity of the deformation (Anderson and 
V/agner 1946, Farwell 1944, Kelson and Ross 1968-1969, 
Ross 1947, 1961) (see Figure 3).  The Idaho Batholith 
was emplaced to the northwest during the Larmide (?) 
Orogeny, but it is not exposed in the basin. 
Following Cretaceous orogenic events, an Eocene or 
earlier boulder and pebble fanglomerate, the Smiley 
Creek Formation, was deposited in the area. A thin unit, 
5-25 meters (15-75 feet) thick, the Smiley Creek Conglo- 
merate appears irregularly on top of the Paleozoic units. 
The Smiley Creek is a red to gray interbedded argillite 
and conglomerate.  The Challis Volcanics are deposited 
unconformably on the Smiley Creek and, where it is 
missing, the Copper Basin Group. All three units have 
been deformed by Tertiary and recent block faulting. 
At least two major stages of glaciation, Bull Lake 
and Pinedale, are recorded in the Copper Basin (Wigley 
1976).  Moraines, multiple terrace sets and scour mark3 
are glacial features present in the Basin.  Quaternary 
alluvium is minor, being found only in small patches 
along river and stream beds. 
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Challis Volconicj |sg£g| Quaternary  Deposits 
^Pal eozoics \rlf<\ Tertiary Intrusive 
Figure 3. Lithology distribution along the East Fork 
of the Big Lost River and the Copper Basin area. The 
map area is outlined in black. 
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PREVIOUS WORK 
Eruptive rocks exposed along the roads of central 
Idaho were first described as the Challis Volcanics in 
1894-1895 by Eldridge.  The rocks (rhyolites, andesltes, 
basalts, breccias and tuffs) can be seen in cuts from 
the Sawtooth Range southwest to Ketchum.  The basal 
unit is hornblende-andesite. A variety of andesltes, 
volcanic breccias and rhyolites make up the intermedi- 
ate units.  The cap consists of a series of white to 
tan rhyolites.  The entire section is approximately 
500 m (1,500 feet) thick. 
Several authors describe the Challis Volcanics as 
they occur in proximity to ore deposits.  Many of the 
ore bodies are associated with pluton emplacement and ' 
therefore the nearby Challis Volcanics have undergone 
contact metamorphiam.  Host descriptions of the Challis 
Volcanics in these reports are inadequate from the point 
of view of establishing a stratigraphic sequence in 
these materials. 
Umpbley (1914) studied the Challis Volcanics 
during his investigation of the Sawtooth Quadrangle. 
He lists andesltes, rhyolites and tuffs as the princi- 
pal members. He found the main phenocryst in the ande- 
sltes to be plagioclase, which centered around calcic 
oligoclase to calcic andesine (An3Q-An45) in 
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composition. Hornblende was commonly present and, less 
commonly, so was augite. Umpbley described the ground- 
mass as cryptocrystalline to glassy. 
In 1917, Umpbley, working on ore deposits in the 
Mackay area, gave the first detailed account of the Chal- 
lis Volcanics in the map area.  He considered the vol- 
canics to be Miocene in age on the basis of their re- 
lation to the Eocene erosion surface and by the apparent 
long period of degradation between the eruption of the 
Challis Volcanics and the extrusion of the Snake River 
Plain Basalts.  The Miocene andesltes, rhyolites and 
tuffs filled Early Tertiary erosional valleys.  He 
estimated the thickness of the Challis Volcanics in 
this area to be 1,000 m (3,300 feet). 
Petrography studies revealed that andesltes were 
the most common rock type, although latites, trachytes 
and tuffs were also present.  The andesltes were found 
to be composed of hornblende, oligoclase, andesine, a 
little biotite and opaques.  Andesltes tended to be low 
in the outcrops, while tuffs appeared more frequently 
near the top of the section. Umpbley described the 
Miocene lavas as having been tilted and having ex- 
perienced normal faulting. This deformation was pre 
-Snake River Basalt in relative age, as the Snake River 
Basalt8 are not deformed. -< 
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Basalt and augite-andesite were found to be the 
basal units of the Challls Volcanics in the Wood River 
Report of Umpbley et al. in 1930. The age of the Chal- 
lis Volcanics was designated in this report as Miocene 
from clastic units associated with the extruslves, and 
by their similarity to other Miocene volcanics.  Latite, 
hornblende andesites and then rhyolite can be found 
above the basalt and augite-andesite units. The ground- 
mass is typically very fine grained. Plagioclase ranges 
from labradorite to oligoclase in composition. Minor 
breccias are present and rhyolites commonly show flow 
banding.  These Tertiary volcanics are estimated to be 
850-1,000 m (2,500-3,000 feet) thick. 
The Challis Volcanics were named by Ross (1930) in 
his study of the Seafoara District. This study also 
included a report on the Alder Creek Mining District, 
part of the present study area. All rocks in south 
central Idaho of probable Miocene age were designated 
as Challis. The Challis Volcanics were described as 
predominantly quartz-latite and tuffs, but more calcic 
flows were also found. The volcanics cover the Paleo- 
zoics around the Alder Creek Mining District.  Younger 
intrusives cut the volcanics. 
In the Casto Quadrangle of Custer County, the 
Challis Volcanics were described as silicic to 
14 
intermediate in composition (Ross 1934).  Latite and 
andesite dominate the lower units, while rhyolites and 
tuffs are found nearer the top of the section.  The 
thickness was estimated to be quite variable, ranging 
from 650 to 1,850 m (2,000 to 5,500 feet).  Ross (1934) 
coined the name Yankee Fork Rhyolite for the upper 
member of the Challis Volcanics while working in the 
Casto Quadrangle.  The thickness was estimated to be 
less than 325 m (1,000 feet).  The Yankee Fork was 
described as a brownish rhyolite with rounded black 
quartz phenocrysts, up to 1.25 mm. 
The Challis Volcanics were divided into four mem- 
bers by Ross (1937) in his report on the Bayhorse Region, 
The four members included (youngest at top): 
Yankee Fork Rhyolite 
Basalt Flows 
Germer-Tuffaceous Member 
Latite-Andesite Flows. 
Volcanic units of andesite and latite compositions 
(the latite-andesite member) dominate the lavas of 
south central Idaho.  Minor basic flows and tuffs are 
interbedded with latite-andesite.  The plagioclase 
phenocrysts in the latite units are dominantly oligo- 
clase, while, in the andesites, the plagioclase is 
andesine or oligoclase.  Hornblende and biotite are 
present, usually less than 15%. Augite is rarely 
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present. Individual flows may reach 100 m (300 feet), 
while the thickness of the entire unit ranges from 500 
to 1,000 m (1,500 to 3,000 feet). 
The Germer Basin is the type section for the Germor 
Tuff. This unit is composed of tuff, tuffaceous sand- 
stone and a few conglomerates.  Some of the tuffs are 
water deposited. Fragments of igneous crystals, pre- 
dominantly oliogoclase, are primary constituents. The 
Germer Tuff includes an unique marker unit, a volcano- 
genie conglomerate. The pebbles are eroded Challis 
Volcanics, and the matrix is tuffaceous sandstone. 
Fossils contained in the sandstone date the tuff as 
Oligocene (probably) and not younger than early Miocene. 
The total thickness varies from 175-650 m (500-2,000 
feet). 
The basalt flows range widely in composition and 
cover all varieties of defined basalt. The thickness 
of these units varies greatly, and the contacts are 
quite irregular, suggesting depression filling. 
The fourth member, the Yankee Fork Rhyolite, was 
discussed in Ross1 (1934) Casto Quadrangle Report. 
Ross (1937) postulated that the Challis Volcanics 
were deposited on a nearly flat surface and that the 
dipping beds indicate deformation of the Challis. 
Faults with a northwesterly trend and a small throw 
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offset the Challis, according to Ross. Later work, 
Anderson and Wagner (1946), found faults on the same 
trend with throws of 35 m (100 feet). 
The term Challis was redefined and restricted by 
Ross (1961) to those early Tertiary volcanics in central 
Idaho north of* the Snake River Basalts and south of the 
west-flowing fork of the Salmon River. The four members 
were still retained in the redefinition. The Idaho 
Batholith and associated extrusives to the west were 
excluded from the Challis Volcanics. 
Dover (1966, 1969 and 1975) has found latlte and 
andesite rocks in the Pioneer Mountains. He has also 
mapped high angle faults cutting the Challis Volcanics. 
These faults are indicators of late Tertiary and 
recent block faulting. 
Nelson and Ross (1969) found only latite-andesite 
in the Mackay 30 minute quadrangle. Andesitic flows 
were the most prevalent, although volcanic breccias 
tf
 were also common. Intrusives into the Challis were 
noted. The minimum thickness was estimated to be 
560 m (1,700 feet). 
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METHODS 
Field Study 
Field investigations were conducted in the north 
facing slopes along the East Fork of the Big Lost River 
from June through August 1977. Rock outcrops were lo- 
cated, examined and described. Rock types were identi- 
fied in the field by their color, texture, phenocryst 
mineralogy and, if possible, groundmass mineralogy. The 
rocks were also examined for magnetic polarity. 
The geologic and magnetic study began with examina- 
tion of previously mapped areas in the adjacent Paleozoic 
sequences. The mapped contacts were then compared with 
features seen on United States Soil Conservation air 
photographs (scale:  1:15,000). All recorded data was 
plotted on air photographs. The data was transferred to 
United States Geologic Survey Topographic quadrangle 
maps (scale:  1:24,000) of the area. 
Field studies included determination of: 
1. Rock types and their magnetic 
polarities; 
2. Lateral continuity of beds; cross 
cutting relationships of beds and 
structures; 
3. Strikes and dips of beds; 
4. Strikes and dips of joints, 
and faults. 
All strikes and dips were taken with a Brunton Compass. 
Thicknesses were measured by pace and compass traverse. 
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Where outcrop widths were thick, differences in eleva- 
tions at tops and bottoms of uniformly dipping units 
were used in thickness estimates. 
Approach 
Previously, it was unknown whether or not faults 
found in the neighboring Paleozoics also cut the Challis 
Volcanics.  Ross and Nelson (Open file, 1969) inferred 
faults along topographic excarpments, but were unsure of 
the validity of these inferences. The age and mechanism 
of formation of the Copper Basin are still the focus of 
debate.  If the Copper Basin was formed after the extru- 
sion of Challis Volcanics, some evidence for its forma- 
tion would have to be seen in the volcanics. 
The findings of this study show extensive faulting 
in the Challis Volcanics. The fault patterns were care- 
fully studied to determine whether or not there was a 
systematic sequence of fracturing.  Petrography and 
magnetostratigraphy were also studied in the thesis area. 
The Challis Volcanics were deposited during late 
Eocene and Oligocene times (possibly also Miocene). 
Even though they were deposited over a 20 million year 
period, individual flows probably cooled within two or 
three years of extrusion. Magnetic reversals usually 
last less than half a million years and flip to normal 
19 
magnetic polarity relarively quickly.  Eocene and Ollgo- 
cene reversals have been well documented by magnetic 
anomaly stripes from the sea floor (see Figure 4).  The 
sea floor anomalies record the reversal events and are 
dated by radiometrics, or paleontology (Heirtzler 1968, 
Berggren and Van Couvering 1974). 
The latite-andesite rocks of the Challis Volcanics 
in the Copper Basin exhibit large magnetic susceptibili- 
ties which indicate sufficient ferromagnetic minerals 
for recording magnetic polarity events.  In order to 
differentiate the thick, similar appearing volcanic 
units, separation by magnetic polarity was used as a 
tool in generating a form of stratigraphy.  Polarity 
stratigraphy, reversed or normal units, was used as an 
aid in distinguishing various volcanic units. 
Magnetic polarity provides an independent time-scale 
within a stratigraphic sequence.  It also conveys abso- 
lute time information.  Studies by Cox et al. (1963), 
and McDougall and Tarling (1963) clearly show that mag- 
netic reversals are world-wide synchronous events. 
Reversed polarity time periods last an average of 450,000 
years, and normal polarity periods last an average of 
480,000 years (Heirtzler 1968). Reversed and normal 
events have been as short as 15,000 years (Heirtzler 
1968). The result of these studies has been the creation 
20 
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of a magnetic time scale. 
A single magnetic polarity unit imparts little in- 
formation; but, when compared with magnetic polarities 
from other strata, it may be used in the following manner: 
strata with different polarities cannot be time equivalent, 
assuming there has been no magnetic overprint subsequent 
to extrusion.  Successive strata with the same magnetic 
polarity may not be of the same polarity epoch. A period 
of non-deposition may have occurred during a reversed 
epoch, or several sets of reversed and normal periods. 
Episodic extrusion of lavas tends to confuse local mag- 
netic polarity stratigraphy. To overcome these diffi- 
culties, magnetic polarity zones must be traced along 
strike to ensure continuity. 
After defining a magnetic polarity stratigraphy for 
an area, correlation with the magnetic time scale is 
possible. Correlation depends on tying a stratum into 
the time scale. This has not been done to date in the 
Challis Volcanics of this area. 
Different units in the latite-andesite member of the 
Challis Volcanics were measured for magnetic suscepti- 
bility and were generally found to be Tiighly susceptible. 
Basalt, which was found in the area, was the most 
g 
susceptible (20,000 x 10 cgs) while the latite-andesite 
rocks were similar in susceptibility, but a little lower. 
22 
15,000 to 20,000 x 106 cgs. The rhyolite and tuffs also 
showed measurable magnetization, 5,000 to 8,000 x 106 
cgs, and might prove useful in determining a magnetic 
stratigraphy.  (The low percentage of magnetic minerals 
or elements in tuffs and rhyolites generally makes them 
unsatisfactory for magnetic work.) 
The instrument which was employed in the investiga- 
tion was a portable fluxgate magnetometer. The instru- 
ment was borrowed from the Department of Geophysics at 
Stanford University. The study was completed with an 
instrument borrowed from the Department of Geology at 
Princeton University. A portable fluxgate magnetometer 
measures the magnetic polarity (normal or reversed) of 
the NRM vector (Natural Remanent Magnetization) of the 
rock or outcrop. The instrument is positioned so that 
its measuring sensor is perpendicular to the earth's 
magnetic field at that location. An oriented rock 
sample's North facing end is held near the sensor. A 
deflection will be produced, (+) positive for reversed 
magnetized samples, and (-) negative for normally mag- 
netized samples. The sample is then rotated about its 
vertical axis to find the point of maximum Intensity of 
the NRM vector. The position is marked, and its 
deviation from true North is observed. Directions of 
NRM vectors for the same bed are then compared. Large 
23 
differences In vector directions within one bed could 
indicate post-deposition deformation. 
The ability to measure reversed or normal polarities 
in the field is a useful tool for field mapping, but 
there are some problems inherent in the technique. Ex- 
traneous magnetic components cannot be removed in the 
field, thus the viscous magnetization incorporated into 
the rock is also measured, thereby introducing an error 
into the results. Viscous remanent magnetization is 
called overprinting and develops during the breakdown 
or alteration of the primary magnetic signal carrier. 
Overprinting may alter the NRM vector direction and, in 
some cases, even completely reverse it. Additional 
error is produced when determining an NRM direction. 
The portable fluxgate magnetometer's primary function 
is to differentiate between reversed and normally pola- 
rized rocks, and the NRM vector determined by rotating 
the sample near the sensor is only accurate to within 
+ 10°. Also, normal and reversed zones may only be as 
accurate as the sample spacing. Sample site distances 
varied greatly, being large in the middle of a zone and 
close together near the borders. 
Rock sampling was selective. Double sampling per 
site was employed for magnetic determinations. Sample 
sites were concentrated in certain areas in order to 
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ascertain the exact locations of contacts. An effort 
has been made to separate interpretation from observa- 
tion. 
Rocks sampled for magnetic Inspection had their 
weathering rind, if any, removed.  The sample orientation 
was marked and numbered with a felt-tip pen previous to 
its removal.  The samples were also marked with respect 
to the horizontal in order to ensure proper rotation 
about a vertical axis.  In some localities, it was more 
practical to orient a vertical plane; the procedures, 
however, remained the same. 
Polished sections were examined to determine the 
mineral carrying the magnetic signal.  It was also pos- 
sible to determine whether the signal carrier was a 
primary mineral or a secondary alteration. 
Petrographic Methods 
Petrographic study of fifteen (15) thin sections of 
the volcanic units was made to support field observa- 
tions.  The thin sections were also made in order to 
compare the units with those studied by Citrone (1978) 
across the East Fork of the Big Lost River. Mineral 
determinations were made optically. Plagioclase was 
determined by the a-normal, Michel-Levy and 2V methods. 
Detailed textural descriptions were also made. 
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DISCUSSION 
Stratigraphy 
The project was undertaken to study the Challls 
Volcanics, structurally and stratigraphically. The 
stratigraphic study involved mapping contacts of the 
Challis Volcanics with Paleozoic sediments, as well as 
with the Tertiary Smiley Creek Conglomerate. Paleozoic 
stratigraphy was not deemed essential to the thesis 
goals and hence descriptions or all Paleozoic rocks in 
contact with the Challis Volcanics were left general. 
The stratigraphic study also involved mapping the major 
units within the Challis Volcanics, such as tuff, ande- 
site flows, and agglomerates, and their contact rela- 
tions to each other. 
The Challis Volcanics in the Copper Basin lie mainly 
within the basal latite-andesite member of the Challis 
Volcanics (Nelson and Ross 1969). The map area includes 
four basic units, white tuff, brown tuff, andesite flows 
and agglomerates. The flows and the agglomerates have 
been further divided by magnetic polarity, reversed or 
normal. The tuffs and agglomerates form a gradatlonal 
series, so 64 mm has been used as the particle size 
division between them. The agglomerates, at places, are 
breccias with included blocks reaching 35-40 cm (14-16 
inches) in diameter. 
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Flows are andeaite to latlte In composition. They 
occur as sheets 1-4 m (3-12 feet) thick, or as thick 
masses 25+ m (75 feet). In outcrop, they vary in color 
from dull brownish gray 5 YR 4/1 to blackish red 5 R2/2 
to pale yellow 10 YR 6/2. Fresh surface colors are 
grayish purple 5 R 4/2 to light gray N 6 to pale red 
5 R 6/2. The andealtic flows may be highly fractured 
and weathered, but nearly always present a competent 
outcrop where exposed. 
The mineralogy varies from flow to flow, but is 
fairly consistent with that presented in previous re- 
ports. The flows are hypocrystalline and aphanltlc in 
granularity, although the grain size varies from "coarse" 
(8 mm) to "fine" (.1 mm) (see Appendix I, 1-6). All the 
flows examined are either trachytic or subtrachytic in 
texture. The plagioclase laths forming the trachytic 
texture are andosine, or oligoclase. Copper minerali- 
zation appears commonly in the andesites. 
Plagioclase is the dominant phenocryst. Its size 
ranges from 0.1 to 8 mm. Commonly, the plagioclase is 
normally zoned with labradorite cores and calcic ande- 
sine or calcic oligoclase rims. Albite twins and seri- 
clte replacement of the more calcic plagioclase is coanon, 
Hornblende and blotlte are common varietal minerals, 
while augite is present only locally. Olivine-bearing 
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flows occur rarely throughout the and©sites.  The amphl- 
boles are usually rimmed with opaques and are commonly 
replaced by biotite and plagloclase. These phenocrysts 
are normally less than 3 mm In diameter, but rarely may 
exceed 5 mm. Opaques are ubiquitous, but generally less 
than 1.25 mm In length.  The groundmass Is glass and 
tiny plagloclase laths. 
Agglomerates are composed of fragmental ejecta and 
andealtic flow material. Fragments In the agglomerates 
reach 35-40 cm (14-16 Inches) (see Figure 5).  Occasional- 
ly^ huge blocks of and©sito are found In the agglomerate. 
The agglomerates range from nearly andesltlc to more 
silicic in composition.  Large crystals (up to 16 mm) 
are present in thin section. The outcrops tend to be 
crumbly and highly weathered. Agglomerate beds are 
usually very thick, 3-25 ra (10-80 feet).  In outcrop, 
they appear white, or light medium gray N 6 to pale 
olive 10 Y 6/2. The fresh surface colors are yellowish 
gray 5 Y 7/2, grayish yellow green 5 GY 7/2 and grayish 
orange pink 5 YR 7/2. Copper mineralization is 
prevalent. 
The matrix of the agglomerates is generally hypo- 
crystalline and reveals a medium to coarse aphanitic 
granularity (see Appendix I, 7-10). Chunks and blocks 
of accessory material, parts of other rocks, greater 
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Fig. 5. Large included block In an agglomerate. 
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than 64 nun, can be Identified in the field. Plagloclase 
ranges in composition from labradorite to albite. Po- 
tash feldspar, sanidine, is also present. In thin sec- 
tion, the plagloclase is less than 2.5 mm in length, 
but field observations reveal plagloclaso crystals 
reaching 10-12 ram in size.  Serltlzatlon is extensive. 
Araphiboles and biotites to 1 mm in length are common 
accessory minerals. The araphibole is hornblende, often 
rimmed by opaques and replaced by plagloclaso and bio- 
tite. The groundmass is composed of highly devitrified 
glass and andesitic plagloclaso laths. 
Tuffs in the Copper Basin are of two types, divided 
in the field by color. One is light pinkish tan to 
white in weathered outcrop, N 9 to 5 YR 7/2.  The other 
crops out as pale red to light brown units, 5 R 6/2 to 
5 YR 5/2. The former will be referred to as the white 
tuff, and the latter as the brown tuff. The white tuff 
is white N 9 to grayish orange pink 10 YR 8/2 on the 
fresh surface. The fresh surface of the brown tuff is 
pale red purple to pale brown, 5 RP 6/2 to 5 YR 5/2. 
The outcrops of tuff are quite distinct. The units 
are fairly thick, although the white tuff appears to be 
less extensive than the brown tuff. The outcrops form 
5-75 m (15-225 feet) cliffs, or steep slopes. Petro- 
logically, both tuffs are quite similar (see Appendix I, 
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10-14). The tuffs are holohyallne, rarely hypocrystal- 
llne. The granularity is cryptocrystalline• San1dine 
is usually present in less than 0.3 mm chunks. Blotite 
and apaques less than 0.5 mm in size also occur. Most 
(greater than 90#) of the rock is devitrifled glass. 
The Castle Rock Formation is an intrusive into the 
Challis Volcanics. It forms a prominent outcrop in the 
western section of the map area. Massive black to brown 
walls and cliffs, which range from 3-250+ m (10-800 
feet), compose the outcrops of the Castle Rock Intru- 
sive. The outcrops are competent, unweathered, and have 
huge talus slopes. 
Petrographically, the Castle Rock intrusion resem- 
bles the latite-andeaite flows (see Appendix I, 15). 
The rock is bypocrystalllne while the phenocrysts are 
inequigranular and hiatal. Large plagioclase phenocrysts, 
up to 8 mm, are normally or more rarely oscillatory 
zoned, with compositions ranging from iabradorite to 
andesine. Horneblende and biotite and present in crystal 
form, to 2 mm. Commonly, hornblende is outlined by 
opaques and replaced by plagioclase and blotite. Opaques 
are less than 0.3 mm in diameter. The groundmass is 
plagioclase, augite and opaques. 
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Contact Relations 
All Challi8 Volcanics, tuffs, agglomerates and ande- 
sitic flows are In unconformable contact with either the 
Paleozoic sediments or the Cretaceous-Tertiary Smiley 
Creek Formation. The Castle Rock Intrusive exhibits 
discordant contact relations with the Challia Volcanica. 
Many contacts are obscured by glacial deposits, talus 
debris or thin stream alluvium. Many of the contacts 
are along fault traces. 
Faults partially bound the outcrops of white tuff 
at the mouth of Deer Creek. This tuff overlies the 
Smiley Creek Conglomerate in this area. The Smiley Creek 
is basically flat lying, while the tuff dips noticeably 
to the east, 25°-40°.  The tuff is 200-220 m (650 feet) 
thick.  Several faults cut through the tuff, severly 
contorting it along these zones. A few of these zones 
cutting the tuff can be seen along the west bank of Deer 
Creek. 
At the southern end of Deer Creek, the brown tuff 
overlies the Smiley Creek Formation.  The brown tuff 
outcrop continues east and northward, overlapping the 
Druramond Mine Limestone of the Copper Basin Group (mapped 
by Dover), and bordering the Castle Rock Intrusive. 
Farther to the east, the brown tuff was deposited on top 
of another Smiley Creek outcrop and a Copper Basin Group 
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unit, the Little Copper Formation (mapped by Dover). 
Both Smiley Creek outcrops dip steeply westward. 30°-40°. 
At the western contact, the tuff is less steeply dipping, 
20°.  Eastward, at the contact with the Drummond Nine 
Limestone, the tuff dips moderately to the east, 20°, 
while the Drummond Mine Limestone dips northwest at 
20°-25°. The dip flattens out where the tuff borders 
the Castle Rock pluton and other Smiley Creek outcrops. 
At the eastern end of the brown tuff outcrop, where it 
overlies the Little Copper Formation, the tuff dips 
moderately northeastward, 20°, and the Little Copper 
Formation dips northwest. The tuffs vary in thickness 
from 50-200 m (150-600 feet). 
The tuffs are the only Challis units in contact 
with the Castle Rock Intrusive. The Castle Rock Intru- 
sive lies between Deer Creek and Rider Creek, and is cut 
by the East Fork of the Big Lost River. Much of the 
Castle Rock outcrop is bounded by a fault (along Deer 
Creek), or an inferred fault (along Rider Creek). 
Two alluvial terraces abut the northern end of the 
volcanics cropping out between Rider and Little Boone 
Creeks. Along Rider Creek, agglomerates are found 
dipping to the northwest. They continue almost to Little 
Boone Creek. These agglomerate flows are 15-25 m (50-75 
feet) thick. The dips are consistent, ranging from 20° 
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to 30° northwest. Along the west bank of Little Boone 
Creek, one finds andesltic flows, 10-15 m (30-50 feet) 
thick with dips of 25°-40° to the northwest. A fault 
cuts through the section here and offsets the agglome- 
rate bods. 
Only agglomerates are found immediately south of 
the outcrops described above. The dip steepens but 
maintains its northwestward direction. A fault bounds 
the agglomerates along Little Boone Creek. The western 
side of the agglomerate outcrop is Rider Creek, and an 
inferred fault bounds the unit here. Several faults 
cut the 250 m (750 feet) thick agglomerates, one serving 
as the boundary between the agglomerates and andoslte 
flows which crop out to the south of the agglomerate 
outcrop area. 
The andesite flows which crop out south of the 
Rider Creek agglomerates dip in the opposite direction 
from the agglomerates. As previously stated above, a 
fault forms the contact between the andesites and the 
agglomerates in this area. The andesites dip 45° to 
55° east (see Figure 6). The andesites are in fault 
contact with a tuff to the southeast, and an agglomerate 
to the south and southwest. The andesites appear to be 
20-30+ m (60-100 feet) thick. 
Little Boone Creek is fed by several fault controlled 
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Fig. 6. Dips in andesites around Little Boone Creek, 
Fig. 7. Pattern I faults and an offset Rhyolite Dike on 
the east bank of Little Boone Creek. Two other 
Pattern I faults are seen to the left in the 
background. 
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fingerlike streams which coalesce to form the main creek 
body. The streamlets start against the tuff mentioned 
in the preceding paragraph. The northern border of the 
tuff is chiefly fault controlled. The tuffs are topo- 
graphically high.  Between the fingerlike streams of 
Little Boone Creek, andesitic material is found under- 
lying the tuff. It dips 20°-25° to the east. Paleo- 
zoic arkose is exposed near the northernmost stream 
intersection in Little Boone Creek. The arkose is in 
unconformable contact with andesite (see Plate I). 
A thick, highly dissected brown tuff crops out in 
the central portion of the map area (referred to as the 
central tuff). This tuff overlies Paleozoic rocks to 
the south, agglomerates to the west and east and is in 
fault contact with andesites elsewhere. The tuff-ag- 
glomerate relation appears to be conformable, both dip 
northward at 25°• The Paleozoic contact is unconfor- 
mable . 
East of Little Boone Creek, an andesitic flow crops 
out along a small creek near the road (BLN 135). Di- 
rectly across the creek, another small andesito outcrop 
can be seen. The outcrop on the east side of Little 
Boone Creek is small and has nearly the same attitude 
(15°-20° northwest dip) as the andesitic outcrop on the 
west bank of the creek. To the south, there is a fault 
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forming the contact with an agglomerate, which dips 
northwest, 25°-30°. This agglomerate unconformably 
overlies a Paleozoic arkose which Is similar to the one 
found in the middle of Little Boone Creek underlying 
andesite. Farther eastward, a fault cuts the agglome- 
rate and the dip azimuth changes to eastward. It dips 
about 20 . Outcrops of the agglomerate and the andesite 
to the north are overlain by stream terrace gravels 
along their northern borders. The agglomerates reach 
125+ m (400 feet) in thickness. A fault forms the 
eastern border of the agglomerate with an andesite flow. 
The fault offsets a rhyolite dike which crosses from the 
agglomerate into the andesite. The rhyolite strikes 
nearly east-west. Its dip is vertical in the agglome* 
rates, but ranges from 70 to vertical in the andesite 
(see Figure 7). 
The andesite along the east bank of Little Boone 
is in fault contact with andesite outcrops in Little 
Boone Creek. Actually, the andesites above Rider Creek, 
the andesites in Little Boone Creek and andesites on the 
east bank of Little Boone Creek are part of the same out- 
crop which is highly faulted. The andesites east of 
Little Boone Creek are steeply dipping to the east, 
40°-50°. At least 225 m (800 feet) of andesite is ex- 
posed in that area. The brown tuff at the south end 
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of Little Boone Creek is in fault contact with the 
andesites to the south. An agglomerate borders the 
andesite on the east and southeast. 
A brown tuff overlies the andesite at its northern 
border. The contact is conformable with both the ande- 
sites and the tuff, dipping 30°-35° east. The brown 
tuff is in fault contact with agglomerates along its 
southern border. The agglomerates are part of the same 
unit which borders the Little Boone Creek andesites to 
the east. Terraces along the East Fork of the Big Lost 
River cover the tuff to the north. The eastern border 
of the tuff reveals an unconformable relationship with 
agglomerate.  The tuff is 75 m (225 feet) thick. 
The agglomerate to the east of the brown tuff 
occurs in a narrow arm bordered on the east by a fault. 
On the other side of the fault, a brown tuff dips gently 
westward 10°-15°. The northern contacts of the agglome- 
rate and this brown tuff are obscured by the river ter- 
races. The tuff reaches 200+ m (600 feet) thick. 
The faults that control Fox Creek cut the brown 
tuff to the north. The brown tuffaceous outcrop to the 
eaBt of Fox Creek apparently conformably overlies white 
tuff. The brown tuff is 100 m (300 feet) thick, while 
30 m (100 feet) of white tuff is exposed in the outcrop. 
Several faults cut the outcrop on the east side of Fox 
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Crook, On tho northern side of the outcrop, the tuffs 
dip 25°-30° to the southwest. Beds on the southern side 
of the tuff outcrops dip northeast, 20°-25°. At the 
eastern end of the outcrop, Just west of the Copper 
Basin Loop Road, the tuffs dip steeply west, 35°-50°. 
Farther east, along Starhope Creek, the white tuff 
crops out and dips steeply eastward. Several faults 
cut this area. One brings the brown tuff into contact 
with white tuff at the southern end of the outcrop. The 
brown tuff dips gently eastward, 15°, and is up to 50 m 
(150 feet) thick. At least 125 m (400 feet) of white 
tuffs are exposed along the creek. 
A large andesitic flow crops out east of Fox Creek. 
The andesitic flow dips moderately, 20°-25°, northward. 
The Smiley Creek Formation crops out between two 
branches of Fox Creek. The Smiley Creek Formation is in 
fault contact with and©sites and agglomerates. 
The andesitic flows in Fox Creek are generally 
conformable with each other. They are in fault contact 
with agglomerates to the west. The eastern half of Fox 
Creek has exposures of and©site, while agglomerate is 
found to the west. In the bowl area of Fox Creek, south 
towards Big Black Dome, the andosites are cut by a 
series of faults. These faults eventually form the 
Smiley Creek-andesite contact to the southeast and the 
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Paleozoic Little Copper Formation-andesite contact to 
the south. In upper Fox Creek, 80-130 m (250-400 feet) 
of andosite is exposed. 
The agglomerate that is situated on the west bank 
of Fox Creek dips gently eastward, 15°. It is in fault 
contact with the andesites to the east. The agglomerate 
outcrop follows the middle fork of Fox Creek. To the 
south, it is conformably overlain by brown tuff. To 
the west, the attitude of the agglomerates changes 
drastically, striking 80° W and dipping 25° N. The 
brown tuff contact with the agglomerates remains con- 
formable. In the center of the agglomerate outcrop, 
there is a deep suture exposing red argillaceous Paleo- 
zoic rocks. These agglomerates range in thickness from 
10 m (30 feet), where the red argillaceous shale is 
exposed, to 30 m (100 feet) at the Rider Creek-Fox 
Creek divide. The western exposure of these agglomerates 
contains large included blocks with well-developed pri- 
mary structures. 
Paleozoic rocks are prominent in the Fox Creek bowl 
area.  Small particles of coarse Paleozoic carbonates 
are exposed along some of the northwest-southeast 
trending faults (see Plate I). The limestones are un- 
conformably overlain by andesito. A large exposure of 
red-gray argillaceous Paleozoic rocks is found south of 
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the central brown tuff and the agglomerates which 
underlie it In Fox Creek. The agglomerates unconformably 
overlie the Paleozoic rooks. The west fork of Fox Creek 
appears to follow the southeastern edge of the Paleozoic 
outcrop. 
Sequence of Deposition 
Andesitic volcanism commonly begins with extrusion 
of agglomerates (Larson et al., 1936). In the map area, 
it is fairly difficult to define a volcanic sequence. 
All four rock types, agglomerate, white tuff, brown tuff 
and flows, are found in contact with Paleozoic, or Ter- 
tiary rocks.  Since this provides no clue to the ini- 
tially extruded unit, other evidence must be examined, 
Andesltes are found overlying agglomerates in 
Little Boone Creek. Brown tuff was deposited over ag- 
glomerate, white tuff and andesltes. These facts suggest 
a deposition sequence: 
brown tuff - youngest 
white tuff 
andesltes 
agglomerates - oldest 
Establishing a sequence of extrusion is difficult due to 
the high degree of faulting in the area. 
The contact relations and the outcrop patterns 
suggest that the Chains Volcanics were deposited on a 
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surface which had considerable relief. Evidence for 
pre-Challis topography can be seen in the brown tuff along 
the back ridge at the southern end of Deer Creek. The 
brown tuff was deposited unconformably on Smiley Creek, 
Drummond Mine Limestone (Dover) and Little Copper For- 
mation (Dover). All these formations are of greatly 
different ages. The Smiley Creek Formation is dipping 
steeply east, while the Drummond Mine Limestone dips 
northwest (see Figure 11), forming the large notch which 
was filled by brown tuff. 
At the north end of Deer Creek, 200 ra of white tuff 
was deposited on Smiley Creek. At the same elevation, 
100 m to the south, an estimated 250 m of andesite was 
deposited on Smiley Creek. For a 250 m thick andesitic 
flow not to have covered an outcrop 100 m away is un- 
usual. For the non-deposition to occur, the area was 
probably topographically high. Thick andesites are 
present 400 m (1,250 feet) northeast through northwest. 
The area where the white tuff crops out is surrounded 
by thick andesites. 
Thin andesites are found overlying arkose in Little 
Boone Creek, but nearby, the andesites thicken to 200+ m 
(625 feet). Less than 300 m north, 125 m (400 feet) of 
agglomerates crops out above the same arkose. Agglome- 
rates on the west bank reach 250 m (810 feet) in 
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thickness, and their basal contact la obscured.  Yet, 
they are only 700 ra (2,200 feet) from agglomerates only 
half as thick. An agglomerate In Fox Creek shows only 
10 m of thickness above a Paleozoic argil11to.  Farther 
west in the same outcrop, the agglomerates are at least 
40 meters thick. 
The central brown tuff is deposited on Paleozoics, 
agglomerates and andesites. The fact that, within such 
a short distance, 500 m (1,600 feet), the tuff covers 
three major units, implies that something had to con- 
trol the non-deposition of the andesites and the agglo- 
merates at this site. The evidence suggests that 
topography controlled the depositional patterns. 
The principal evidence for topographic relief 
during deposition of the Challis volcanics therefore 
comes from the relationships seen in the above mentioned 
tuffs in Deer Creek, the central tuff and the andesite 
and agglomerate deposits overlying quartzlte in Little 
Boone Creek. Additional evidence for relief prior to 
volcanism is the patchy distribution of the Smiley 
Creek Formation. The Smiley Creek is thought to be 
deposited in troughs and depressions in the Copper Basin 
Group. 
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Faults 
Faulting is the main structural feature found within 
the Challis Volcanics. The faults in the Chains Vol- 
canics were studied in an attempt to unravel a structural 
history of the area. Faults appearing in the Challis 
Volcanics, which are traceable through the Smiley Creek 
Formation and into Paleozoic rocks, were also studied. 
However, faults which occur only in the Paleozoic rocks 
were recorded; but, since the age of this faulting could 
not be established, they were not considered part of the 
basic aim of this study. 
A fault found only in the Paleozoic rocks may be 
seen cutting the Little Copper Formation with an apparent 
right lateral offset in the southwest corner of Fox 
Creek (see Plate I). This fault is seen again in the 
Paleozoic outcrop near the center of the map area. 
Agglomerates cover the fault just east of the center of 
the map area; then, it reappears in Paleozoic rocks in a 
faulted gully along Fox Creek, before being covered by 
agglomerates again (see Plate I). Since it does not 
appear to cut the agglomerate, it is assumed to be a 
pre-Challis structure. 
Two distinct fault trends and a possible poorly 
developed third trend were found cutting the Challis 
Volcanics in the map area. The oldest set of faults, 
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referred to as Pattern I faults in this report, strikes 
0 to N 40 E and dips steeply to the east. These are 
apparently a series of normal faults. Another series of 
normal faults striking N 50°-70° w and dipping steeply 
northeast composes the second set of faults, denoted 
Pattern II faults in this report. Two, possibly three 
or four, faults could be designated as third generation 
faults. These third generation faults. Pattern III 
faults, generally strike N 20°-35° W and dip steeply 
northeast, or are vertical. Not all faults in the area 
fit into one of these three patterns; these will also 
be discussed and designated miscellaneous Group IV 
faults. 
Many of the faults are actually fault zones and are 
commonly filled with slickenslded quartz (see Figure 8). 
Splays are not uncommon, and other fault features, such 
as bedding plane thrusts and drag folds can be seen* 
For the purposes of discussion, all of the faults have 
been numbered (see Plate I). 
The oldest set of faults, Pattern I faults, is 
partially responsible for the drainage pattern seen in 
the map area. Both the fault trend and the stream orien- 
tation are N 0°-40° E. Streams controlled by Pattern I 
faults are Deer Creek, Little Boone Creek and Fox Creek. 
Rider Creek may also be along the trace of a Pattern I 
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fault. Little Boon© Creek is actually controlled by 
four Pattern I faults. Three, possibly four, Pattern I 
faults can be found cutting the tuffs near the Copper 
Basin Loop Road. 
Evidence for Pattern I faulting can be found In 
many areas. Along Deer Creek, sllckensldes on the west 
bank locate the fault (see Plate I). Sllckensldes are 
used to trace all four faults (nos. 2, 3, 4 and 5) In 
Little Boone Creek. A rhyollte dike Is offset by fault 
no. 4 In Little Boone Creek (see Figure 7). Fault no. 5, 
an extension of a high angle fault mapped by Dover on 
the west side of Big Black Dome, crosses faults nos. 2, 
3 and 4 in Little Boone Creek. Fault no. 5 is considered 
a Pattern I fault because of its orientation. Further 
evidence for fault no. 5 can be seen in the form of 
slickensided quartz dikes (see Figure 8) which fill the 
fault trace. The quartz dikes are located west of Big 
Black Dome. East of Big Black Dome, quartz dikes have 
filled the trace of Pattern I fault no. 6. Faults nos. 
7, 8, 9, 10 and 11 are located in the tuffs along the 
Copper Basin Loop Road and above Starhope Creek. They 
are traceable through offsets in bedding and large changes 
in bedding attitude. Fault no. 11 is inferred, as is 
fault no. 12, the Rider Creek valley. 
Faults nos. 2, 3 and 4 in Little Boone Creek appear 
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Fig. 8. Slickensided quartz dike along a fault trace 
Fig. 9. Pattern II fault separating Challia Volcanica 
and Copper Basin Group argillite. On the 
right• Smiley Creek Conglomerate is overlying 
the argillite. 
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to be part of a large fault zone. In the agglomerates 
on the east bank of Little Boon© Creek, the faults are 
350 ra (1,100 feet) apart.  The relative motion is down on 
the northwest block and up on the southeast block. 
Fault no. 5 forms the agglomerate-andeslte contact in 
Little Boone Creek. When faults nos. 2, 3 and 4 cross 
into the andesltes, they become interconnected and form 
the fingerlike streamlets of Little Boone Creek. To the 
southwest, these faults appear to combine into one trace 
and form the western contact of the centrally located 
brown tuff (see Plate I). 
In the tuffs along the Copper Basin Loop Road, 
faults nos. 7, 8, 9 and 10 appear to be part of the 
same large fracture zone. Unfortunately, the fractures 
are covered by alluvium or moraines on either side of the 
tuff outcrops, thereby making it impossible to trace them 
for any distance.  These faults are all parallel. They 
exhibit abrupt changes in bedding attitudes, and they 
all have similar motion, up on the northwest side, and 
down on the southeast side. 
Fault no. 11, above Starhope Creek, is inferred 
because of the large scarp (300 m) and the high angle 
of dip of the beds, 25-35° to the northwest. Rider Creek 
is an inferred fault trace because it forms the boundary 
of the Castle Rock intrusive, and agglomerates. It is 
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likely that intrusion occurred along a zone of weakness* 
such as a fault. Rider Creek is also very linear, sug- 
gesting fault control. 
Pattern II faults trend N 60°-80° V and dip steeply 
northeastward, 80°-90° NE. The Pattern II faults offset 
the Pattern I faults and their relative movement is down 
to the northeast. Four Pattern II faults, nos. 13, 14, 
15 and 16, are visible in the Fox Creek bowl area Just 
north of Big Black Dome. These four faults continue 
northwestward to Rider Creek, beyond which only fault 
no 16 is traceable. Fault no. 16 continues to Deer 
Creek, where it can be found cutting the Smiley Creek 
Formation. Pattern II fault no. 17 is an inferred fault 
through the centrally situated brown tuff. Fault no. 18 
forms the northern border of the centrally located brown 
tuff in Little Boone Creek. Fault no. 18 is also visible 
in the Castle Rock Intrusive and the white tuff in Deer 
Creek. The best exposures of the final three Pattern II 
faults, nos. 19, 20 and 21, are found along Little Boone 
Creek (see Plate I). 
Near Big Black Dome, fault no. 13 brings the Little 
Copper Formation into contact with Challis Volcanics and 
Smiley Creek Formation (see Figure 9). Quartz dikes are 
common along this fault and fault no. 14. Fault no. 14 
can also be located by slickensides and offsets in the 
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Paleozoic rocks of the Fox Creek bowl are caused by faults 
nos. 15 and 16. Fault no. 15 also exposes a small lime- 
stone outcrop in the center of the Fox Creek bowl. In 
Deer Creek, fault no. 18 offsets Pattern I fault no. 1, 
and offsets the contact between the tuffs and the Smiley 
Creek Formation. Farther to the east, the trace of 
fault no. 18 is a steep gully along which red Paleozoic 
argillites are exposed. Faults nos. 20 and 21 can be 
shown through offsets in agglomerate-andesite contacts* 
bedding in the andesites, bedding in the agglomerates 
and Pattern I faults nos. 2, 3, 4 and 5. 
Air photo lineaments were also used to trace several 
Pattern II faults.  In the Fox Creek bowl, air photo 
lineaments aided in the location of faults nos. 13, 14 
and 15.  Fault no. 17 in the centrally located brown 
tuff was mapped exclusively by air photo lineament.  In 
Little Boone Creek, the determination of the position of 
faults nos. 18 and 19 is aided by air photo lineaments. 
Steep topographic scarps were also used to infer faults 
nos. 14, 15 and 16 in the Fox Creek bowl, and fault 
no. 19 in Little Boone Creek. 
To the northwest of Big Black Dome, splays appear 
to connect Pattern II faults nos. 13 and 14. One splay 
between faults nos. 13 and 14 forms the agglomerate-ande- 
site contact. A few other splays can be found between 
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faults nos. 13 and 14, one even paralleling the two 
major faults for a short distance. Faults nos. 16 and 
17 appear to run together In Rider Creek, forming a 
single trace in Deer Creek. Fault no. 18 has a major 
splay in Little Boone Creek which dies out eastward 
near Fox Creek. Fault no. 21 apparently joins fault 
no. 20 east of Little Boone Creek. 
Pattern III faults trend N 20°-40° W. Only two 
normal faults and a left lateral strike-slip fault were 
found along this trend. The Pattern III normal faults 
(nos. 22 and 23) offset all other faults. Their relative 
motion is down to the east. The two normal faults are 
found in Deer Creek (see Figure 10). Fault no. 23 
crosses from Deer Creek into Rider Creek through the 
Castle Rock Intrusive and leaves the map area west of 
Big Black Dome. The left lateral strike-slip fault, 
fault no. 24, is found on the east side of Fox Creek. 
Bedding and older fault displacement are evidence 
for faults nos. 22 and 23 in Deer Creek. Quartz dikes 
and slickensides can also be seen along fault no. 23 in 
Rider Creek. Slickensides and bedding displacement lo- 
cate fault no. 24 in Fox Creek. Air photo lineaments 
were also used to trace fault no. 23. In Deer Creek, 
fault no. 22 splays. The block between the two fault 
traces is a horst (see Figure 10). 
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Fig. 10. Pattern III faults in Deer Creek. A 
small horst may be seen on the left. 
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Miscellaneous Sutures 
A hinge line In the brown tuff on the east bank of 
Fox Creek Is shown by beds dipping In opposite direc- 
tions along this axis. The beds on the north side dip 
southwest, and the beds on the south side dip northeast. 
Both dips are 15 -25 . The southeast end of the sane 
outcrop Is marked by the trace of the western splay of 
the Copper Basin Loop Road fault (fault no. 7). A huge 
slump-slide movement occurred about the western splay. 
A bedding plane thrust Is visible to the east of 
fault no. 3 along the two eastern tributaries of Little 
Boone Creek. The surface of this thrust Is sllckenslded, 
The first occurrence of the thrust Is 325 m (1,000 feet) 
east of the northern quartz!te outcrop along fault no. 2. 
The East Fork of the Big Lost River Is Inferred to 
be a fault In this thesis. Reasons for this Inference 
are:  the linearity of the river, the top of the Smiley 
Creek is at least 200 feet higher on the south side of 
the river, and there appears to be a left lateral offset 
of approximately 750-1,200 m (0.4^-0.7 miles) of faults 
and outcrops. Sweeny (1957) proposes that the tracer 
of the East Fork of the Big Lost River is a fault with 
relative motion being left lateral and up on the north 
side. 
The preceding discussion reveals considerable 
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structural effect on the Challis Volcanica. Proven or 
Inferred faults control the drainage. Faults are re- 
sponsible for much of the relief seen in the area. The 
series of normal fractures in Fox Creek, with combined 
possible throws of 250 m (775 feet), are an example of 
large amounts of relief produced by faulting. The 
Pattern III fault cutting through the middle of the 
Castle Rock Intrusive has relatively small displace- 
ments in Deer Creek, but large displacements in the 
Castle Rock Formation and in the agglomerate on the 
Rider Creek-Fox Creek divide. The East Fork of the Big 
Lost River flows in a left lateral strike-slip fault 
with considerable displacement. Faults are also 
responsible for many of the mapped contacts where the 
throws could not be determined. 
Major lineaments seen on an ERTS Interpretation 
(D. J. Volght, personal communication 1977) of south 
central Idaho were compared to the faults found in the 
Copper Basin. The lineaments appear to be grouped into 
three general trends matching the fault orientations 
found in the map area. The lineament trends Included 
a set with strike N 0°-45° E, with more lineaments 
being N 25°-40° E.  Pattern I faults strike N 0°-40° E. 
A second general lineament trend is N 45°-60° V, nearly 
matching the Pattern II fault orientation of N 50°-70° W. 
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The third general lineament trend is N 15°-30° V, quite 
similar to Pattern III faults in the Copper Basin which 
strike N 20°-35° v. This suggests that the faulting 
observed in the Challis Voloanica of the Copper Basin 
area is part of a general fracture pattern that has 
affected all of south central Idaho (see Figure 11). 
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Fig. 11. Lineaments seen on an ERTS photo interpre- 
tation in the Pioneer and White Knob 
Mountains, Ouster Co., Idaho. Near the 
top of the figure, Just to the right of 
meridian 114° w, the Copper Basin is 
outlined (ERTS photo interpretation froa 
Voight). 
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MAGNETICS 
Magnetic Stratigraphy 
Another objective of the work was to investigate the 
magnetic polarities of the Challis Volcanics. Polarities 
were recorded in agglomerates and andesites to aid in the 
stratigraphic breakdown of the volcanics. Outcrop pat- 
terns could then be utilized as an interpretive mapping 
tool. Magnetostratigraphy worked quite well in this 
respect for the andesites. Magnetic minerals were stu- 
died under reflected light to determine the nature and 
origin of the magnetization. 
Four different events were recorded in the andesites 
(see Plate II). A normal event appears to be the basal 
polarity event in the andesites. Andesitlc units with 
normal base polarities are found in Deer Creek, Little 
Boone Creek and in Fox Creek. The outcrops in Deer 
Creek and Fox Creek only record two events, a normal at 
the bottom and a reversed sequence of flows at the top. 
The sampling locality in Little Boone Creek records two 
normal events, and the sequence ends with a reversed 
unit on top. 
Since the magnetization was not measured accurately 
in the laboratory, the exact correlation of these normal 
and reversed flows was difficult. The normal units in 
the different streams may or may not be from the same 
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normal epoch. For example, the basal normal unit in 
Deer Creek might record the same event as the middle 
normal event in Little Boon© Creek, while the Fox Creek 
normal unit may record the same normal event as the basal 
Little Boon© Creek normal event (see Figure 12 for pos- 
sible correlations)• 
In the Fox Creek bowl area, the reversed polarity 
andesites suggest that the Challis Volcanlcs were depo- 
sited upon a fair amount of relief. Not only do reversed 
andesites in upper Fox Creek overlie normal andesites* 
but they are also in unconformable contact with the Paleo- 
zoic Little Copper Formation. The reversed and normal 
andesites in upper Fox Creek are conformable with each 
other and fairly thick (up to 250 meters (800 feet)). 
Geologic evidence suggests that reversed flows moved 
farther to the south than the stratigraphically lower 
normal flows. In the northern part of Fox Creek bowl, 
normal andesites are in contact with Paleozoic rocks; 
while, at the southern end of Fox Creek bowl, reversed 
andesites are in contact with the Little Copper Formation 
(see Plate II). The magnetic polarity outcrop pattern 
is offset by the Pattern II faults in upper Fox Creek* 
In Little Boone Creek, the andesites show four re- 
versed episodes (see Plate II). There is a basal normal 
unit seen in the andesites on the west bank of Little 
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Boono Creek and in the stream floor. This same normal 
andesite continues on the east bank of Little Boone 
Creek.  The normal unit extends south to the centrally 
located brown tuff, and north above the agglomerates on 
the east bank of Little Boone Creek to the terraces of 
the East Fork of the Big Lost River. The basal normal 
unit is also found at the eastern edge of the andesite 
outcrop in the Fox Creek tributaries. This normal unit 
appears to be rather thick (up to 125 meters (400 feet)). 
A reversed unit lies stratigraphically above the 
normal unit. It is fairly thick (75 meters (250 feet)). 
The unit is thinner to the north when it is seen between 
the basal normal unit and the brown tuff. The unit con- 
tinues eastward and is seen in the stream gullies of Fox 
Creek. 
A thin normal unit located in the center of the map 
area is found above the first reversed unit. A thin re- 
versed sequence of limited extent exists at the top of 
the andesitic pile. This second normal-reversed sequence 
is the reason why the Deer Creek and Fox Creek sequence 
cannot be correlated with confidence.  Since the andesites 
in the entire sequence were similar in appearance, field 
differentiation of flows is quite difficult. 
One would expect flows of a given polarity to be 
laterally continuous and be offset by faults as any other 
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stratum. Such is the case in upper Fox Creek, where the 
Pattern II faults offset the outcrop pattern. On the 
east bank of Little Boone Creek, the offset of normal-re- 
versed boundaries can be used to measure the offsets 
along the Pattern II faults dissecting the area. 
The agglomerates record only one or two polarity 
events. The units recording only a single event are not 
very useful for correlation purposes. Agglomerate units 
recording a single normal unit are located on the west 
bank of Fox Creek. This unit continues southwestward to 
the Rider Creek-Fox Creek divide. 
The agglomerates on the east side of Little Boone 
Creek have recorded a reversed event above a sequence of 
normal flows.  The normal unit is thin, 15 meters (50 
feet), and is found unconformably overlying arkose. The 
normal unit thickens eastward until it abuts Pattern I 
fault no. 3. On the north side of the outcrop, only re- 
versed agglomerates are found, due to the steep northwest 
dip of the beds. Normal agglomerates in the gully marking 
the trace of fault no. 3 (south side of the outcrop) ore 
thickest on the east side of the middle splay. The normal 
unit thins rapidly eastward (see Plate II). 
On the south side of the fault no. 3 gully, a basal 
normal unit lies beneath a reversed unit. The normal 
unit is fairly thick just east of fault no. 3; however, 
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it is wedged out to the east and the we3t within short 
distances. 
It is found that the outcrop pattern of polarity- 
units is compatible with the structure suggested by ob- 
served bedding attitudes. The west block (between Pat- 
tern I fault nos. 2 and 3) dips steeply north, burying 
the normal unit. The eastern block dips northeast, also 
burying the normal unit.  South of the fault no. 3 gully, 
the beds dip east and so does the normal-reversed contact 
line. 
A short reversed sequence (see Plate II) appears 
between Rider Creek and Little Boone Creek. The normal 
unit abuts the terraces of the East Fork of the Dig Lost 
River and is continuously exposed along Rider Creek, 
There are a few patches of reversed agglomerates over- 
lying the normal units to the north in between Little 
Boone Creek and Rider Creek. To the east and south, the 
reversed units are continuous and topographically high. 
Across Pattern II fault no. 19, the reversed agglomera- 
tes continue south until they abut the andesites at 
Pattern II fault no. 18. This sequence is comparable to 
that seen on the east bank of Little Boone Creek. 
Reflected light microscopy shows that the main 
magnetic mineral is magnetite (see Appendix II, 1-4). 
The grains are large (up to 1 mm) and show little 
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alteration. Hematite ia present as a secondary mineral, 
but not in significant quantities. Although there are 
large magnetite grains, there are also many 10 to 50 
micron grains. The coerclvities for smaller grains are 
high, and they act as single domain grains. Smaller 
grains (less than 20 microns) are more likely to retain 
the original signal than the larger multi-domain grains. 
If secondary hematite was the major magnetic mineral, 
the polarity data would be suspect because, if it was 
formed after the initial extrusion, its magnetic pola- 
rity could be the opposite of the magnetic polarity at 
extrusion. However, since primary magnetite of high 
coerclvity is the main signal carrier, this suggests 
that the reliability of the magnetic polarities is good 
and that there is little magnetic overprint. 
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CONCLUSIONS 
The recorded field evidence supports two matfor con- 
clusions:  first, that the Challis Volcanics have been 
highly deformed by brittle fracture (i.e. faulting) and, 
second, that magnetostratigraphy can be a useful tool in 
mapping the Challis Volcanics. A third conclusion is that 
the Challis Volcanics were deposited on a surface con- 
taining a fair amount of relief. 
The Challis Volcanics are highly dissected by two 
major generations of fractures. A third minor set and a 
few miscellaneous faults were also noted. For the most 
part, the oldest fault pattern (Pattern I) controls the 
drainage in the area. Pattern I faults may be responsible 
for some relief, especially in Little Boone Creek and along 
the Copper Basin Loop Road. 
Pattern II faults are a series of northwest striking 
normal faults dipping northeast. The total throw of these 
faults could reach as much as 300 meters. Some large 
offsets by Pattern II faults can be seen in upper Fox 
Creek. Smaller offsets are present along Little Boone 
Creek. 
Pattern III faults have the freshest scarps. Dis- 
placement along these faults ranges from 20 to 200 meters. 
Small to intermediate escarpments of Pattern III faults 
can be seen in Deer Creek. Larger displacements are 
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visible in the Castle Rock Intrusive and in the agglo- 
merates forming the Fox Creek-Rider Creek divide. 
Other faults with large displacement occur in Fox 
Creek, where an apparent left lateral strike-slip fault 
with a surface displacement of 175-300 meters can be 
demonstrated:  Starhope Creek, where a large fault brings 
brown tuff down into contact with white tuff, and along 
the East Fork of the Big Lost River, where at least 500 
meters displacement can be inferred on a left lateral 
strike-slip fault. Further evidence for structural de- 
formation are the abrupt changes in bedding attitudes 
seen in the area and the wide range of strikes and dips 
observed during mapping. 
The sequence of deposition of the Challis Volcanics 
in the area began with agglomerates. Tuffs and andesites 
were also deposited on Paleozoic rocks; but, where agglo- 
merates are present, they overlie the agglomerates. 
Tuffs overlie the andesites. No agglomerates were found 
overlying andesites or tuffs, and no andesites were found 
overlying tuffs.  Brown tuff is deposited on white tuff. 
Therefore, it is concluded that agglomerates were depo- 
sited first, followed by andesites, white tuff and brown 
tuff. These relations also suggest considerable relief 
during eruption of Challis rocks. 
Magnetostratigraphy provided valuable stratigraphic 
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separations in the andesites during mapping. Commonly, 
one reversal was found. Two sequences of reversals are 
recorded at only one outcrop on the east bank of Little 
Boone Creek. One reversed sequence is recorded in the 
andesites of Fox Creek, Deer Creek, and in the agglomera- 
tes between Rider Creek and Little Boone Creek. 
Although determination of the relief of the pre-Chal- 
lis Volcanic surface was not an objective of this study, 
several outcrops indicate that the Challis Volcanics were 
deposited on a surface of considerable relief. The brown 
tuff at the southern end of Deer Creek is deposited in a 
"V" shaped notch of Smiley Creek, Drummond Mine Limestone 
and Little Copper Formation. The agglomerate along Fox 
Creek is less than ten meters thick, but thickens to 40 
meters in a short distance. At the north end of Deer 
Creek, thick andesites are deposited on Smiley Creek 
formation only 100 meters south of an area where thick 
tuffs are deposited on Smiley Creek. A fault now runs 
between the two outcrops (tuff on the down side) which 
has at least 40 meters of displacement. Therefore, the 
exact relationships here are not known. However, the 
above relationships, coupled with the facts that many 
different Paleozoic units are covered by the volcanics, 
and Smiley Creek outcrops are irregularly distributed and 
vary greatly in thickness, suggest that the pre-Challis 
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Volcanics surface was one of high relief. 
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Sample  #1 
Texture 
Degree  of Crystallinity - hypocryatalline 
Granularity - Aphanitic, medium 
Grain Size and  other 
Textural Features - Inequigranular 
seriate 
porphyritic 
Mineralogy 
Essential Minerals 
Plagioclase  - andesine,  oligoclase, 2V =80? 
Bx ♦ ,  ext.  angle  =   12°-18°,  Albite 
twins,  size  less than 4mm. 
Varietal Minerals 
Hornblende  - parallel extinction,  pleo- 
chroic  - light greens,  base  sections 
show  120°-60°cleavage, resorbed by 
biotite and  plagioclase, rimmed by 
opaques,   size   is less  than 0.5mm 
Accessory Minerals 
Biotite  - 2V less  than  15°, Bx (-),  pleo- 
chroic   in browns  twinkling extinction 
Opaque8  -  isotropic,  size   to  1.2mm 
Groundmass  -  plagioclase,  glass 
Rock Name   - Hornblende Andesite 
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Sample  #2 
Texture 
Degree  of Crystallinity - hypocryetalline 
Granularity  - aphanitic, medium 
Grain Size and other 
Textual Features  -      inequigranular 
hiatal 
porphyritic 
subtrachytic 
Mineralogy 
Essential Minerals 
Plagioclase  - andesine,  2V =75°,  Bx (+), 
ext.  angle *  15°, normal  zoning,   two 
size  rangeB,  less  than 0.6mm, and   1.5 
to 2.5mm, Albite  twins,  sericite 
replacement 
Varietal Minerals 
Hornblende  - pleochroic   in  light greens, 
parallel extinction,  2V = 70°, Bx (-) 
less  than  2mm,  replaced  by biotite and 
plagioclase,  opaque rims 
Accessory Minerals 
Opaques  - isotropic,  less  than 0.7 mm 
Biotite  - pleochroic  in browns,  in tiny 
grains replacing amphibdle,  lees  than 
0.4mm 
Groundmass- andesine  laths and  glass 
Rock Name  - Hornblende Andesite 
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Sample #3 
Texture 
Degree  of Crystallinity  - hypocrystalline 
Granularity  - aphanitic,  medium 
Grain Size  and  other 
Textural Eeatures  - inequigranular 
seriate 
porphyritic 
trachytic 
Mineralogy 
.Essential Minerals 
Plagioclase  - Oligoclase, extinction angles 
=   10°,  2V = 83°,  Bx  (-).   tiny laths 
to 2.5 mm,  sericite replacement 
Varietal Minerals 
Hornblende   - 2V = 70°,  Bx (-),   pleochroic 
in light greens and  browns,  size   - 
to  1.6 mm,  resorbed and  rimmed  by 
opaques 
Accessory Minerals 
Biotite   - slightly  pleochroic  - light 
yellow  browns,  2V =  10°,  Bx (-), 
size   - less  than 0.8 mm 
Opaques  -  isotropic,   size   - less  than 0.8mm 
Secondary Minerals 
Calcite  - high  birefringence, uniaxial 
(-),   in veins and  string form 
Groundmas8  -  plagioclase and  glass 
Rock Name   - Hornblende Andesite 
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Sample  #4 
Texture 
Degree of Crystallinity - hypocryetalline 
Granularity - aphanitic, coarBe to medium 
Grain Size  and  other 
Textural Features  - inequigranular 
hiatal 
porphyritic 
Mineralogy 
Essential Minerals 
Plagioclase  - andesine and  oligoclase,  2V 
= 85°, Bx (+), extinction angles = 
10-17°,   size  - 0.2   to 5 mm 
Varietal Minerals 
Hornblende  - pleochroic  in yellow greens, 
2V = 70°, Bx  (-), 60°-120°cleavage, 
diamond  shaped  base   sections,  opaque 
rims,  size  -  to 0.5 mm 
Accessory Minerals 
Biotite  - pleochroic  in browns and yellow 
greens,  2V =  15°,  Bx (-)   ,   twinkling 
extinction,  size  - 0.75  to 2.5 mm 
Opaques  -  isotropic,  less  than 0.3 mm 
Groundmass  - plagioclase and  glass 
Rock Name   - Hornblende Andesite 
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Sample #5 
Texture 
Degree  of Crystal Unity  - hypocrystalline   to 
holohyaline 
Granularity  - aphanitic,   fine 
Grain Size and  other 
Textural Features  -  inequigranular 
hiatal 
porphyritic 
trachytic 
Mineralogy 
Essential Minerals 
Plagioclase - andesine and oligoclase, 
Bx t + ), 2V = 88°, extinction angle ■ 
10°-20°, Albite twins, size - less 
than 0.4mm, eericite alteration 
Accessory Minerals 
Hornblende - parallel extinction, pleo- 
chroic in yellow and green, 2V « 
70°, Bx(-), 0.2 to 0.6 mm size 
Quartz - clear, uniaxial(+), low birefrin- 
gence 
Biotite - pleochroic in yellow and tans, 
low 2V, size - 0.05 to 0.5mm 
Opaques - isotropic, small dots 
Groundmass - glass and plagioclase 
Rock Name - Andesite 
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Sample  #6 
Texture 
Degree  of Crystallinity  - hypocryatalline 
Granularity - aphanitic, medium 
Grain Size and Other 
Textural features  -  inequigranular 
hiatal 
porphyritic 
Mineralogy 
Essential Minerals 
Plagioclase   - labradorite, andesine,  and 
oligoclase,  2V = 80°,  Bx(+), extinction 
angles  -  10°-35°»   size   -  to 3mm 
Varietal Minerals 
Augite   - cleavage at 90°t   inclined •*•* 
tinction,   pleochroic  - white   to light 
green,  2V = 55°, Bx (+)r  less  than  1mm 
Hornblende  - parallel extinction,   120°- 
60° cleavage,  2V = 70°,  Bx(-), less 
than   1mm, rimmed  by opaques, replaced 
by biotite and andesine 
Accessory Minerals 
Biotite  - low 2V, Bx(-),  brown  pleochroism, 
less  than  1mm 
Opaques  -  isotropic,   to  0.4mm  size 
Groundmass -  sodic  plagioclases and  glass 
Rock Name  - andesite 
80 
Sample  41 
Texture 
Degree  of Crystallinity - hypocrystalline 
Granularity  - aphanitic,  coarse   to crypto- 
crystalline 
Grain Size  and  other 
Textural Features  -  porphyritic 
seriate 
blocks of accessory 
material 
Mineralogy 
Essential Minerals 
Plagioclase - Andesine, 2V » 80°, Bx(+). 
Albite twins, normal zoning, ex- 
tinction angle =14°, size - to 1mm 
Accessory Minerals 
Included Blocks - greater than 64mm in hand 
sampie, greater than 6mm in thin 
section 
Biotite - low 2V, Bx(-), brown pleochro- 
ism, size - less than 1mm 
Secondary Minerals 
Calcite - high birefringence 
Groundmass - glass and plagioclase laths 
Rock Name - Andesitic Aglomerate 
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Sample  #8 
Texture 
Degree  of Crystallinity  - hypocrystalline 
Granularity   - aphanitic,  medium   to cryptocrys- 
talline 
Grain Size  and   other 
Textural Features  -   inequigranylar 
seriate 
porphyritic 
included  blocks of 
accessory material 
Mineralogy 
Essential Minerals 
Hagioclase  - labradorite ,  Bx(-)» ex- 
tinction angle  =  30°,  Albite  twins, 
size  - less  than  1.3mm 
Varietal Minerals 
Hornblende   -  parallel extinction,  pleo- 
chroic  in lipht greens,  replaced  by 
plagioclase,  rimmed  by  opaques 
Included Blocks  - chunks of Accessory 
Material 
Accessory minerals 
sanidine  - low  2V,  Bx(-),  colorless, dots 
Biotite   -  pleochroic   in browns,  low  2V, 
Bx(-),  size   -  to 0.75mm 
Secondary Minerals 
Calcite  - uniaxial (-),  high birefringence, 
size  - less  than 0.4mm 
Groundmass  - glass and devitrified  glass, 
Rock Name  - Hornblende Andesite Aglomerate 
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Sample  #9 
Texture 
Degree of Crystallinity - hypocrystalline 
Granularity - Aphanitic, microcrystalllne 
Grain Size  and  other 
Textural Features' -  ineouigranular 
hiatal 
porphyritic 
sub-trachytic 
Mineralogy 
Essential Minerals 
tlagioclase   - Albite ,   tiny  grains,  Bx(+)» 
2V = 75°,  Albite  twins,  less  than 2mm 
Sanidine  - 2V =15°,  low birefringence, 
colorless,  Bx(-)t less  than   ).14mm 
Accessory Minerals 
Hornblende   -  less  than 0.33mm,   2V = 50°, 
Bx(+)»  pleochroic  in light greens 
Biotite   -  less  than   1mm   in  size,   pleochroic 
in  light browns,  2V =  15° 
Included blocks of Accessory Material 
Secondary Minerals 
Calcite  - uniaxial(-),  high  interference 
colore,  is  intersertal 
Groundmass  - devitrified  glass,  sanidine, alblt* 
Rock Name  - Agglomerate 
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Sample  #10 
Texture 
Degree  of Crystallinity  - hypocrystalline 
Granularity  - Aphanitic,  medium 
Grain Size  and   other 
Textural Features  -  inequigranular 
hiatal 
porphyritic 
Mineralogy 
Essential Minerals 
tlagioclase  - labradorite, andesine,  2V « 
75°-90°, normal  zoning, Bx(+)f Albite 
twins,   size   -  to 2.5mm 
Accessory Minerals 
Biotite   -  tan  to dark  green,  Bx(-),  2V 
15°»  size  - less  than  1mm 
Hornblende  - cleavage   120°-60°,  2V= 50°, 
Bx(-),  rimmed  by  opaques 
Opaques  - less  than 0.7mm 
Groundmass  - devitrified  glass and  plagioclase 
Rock Name  - Agglomerate 
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Sample #11 
Texture 
Degree of Crystallinity - holohyallne 
Granularity - Aphanitic 
Grain Size - cryptoerystalline 
Mineralogy 
Essential Minerals 
Plagioclase - Albite, 2V « 70°, Bx(+), 
Groundmaas - glass and te*ftrifi«& glass 
Rock Name - Tuff 
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Sample  #12 
Texture 
Degree  of Crystallinity - holohyaline   to 
hy poc ry 8 ta 11 ine 
Granularity  - Aphanitic,  fine 
Grain  Size   - Cryptocrystalline 
Mineralogy 
Essential Minerals 
Sanidine  - low 2V,  colorless,  low bire- 
fringence,  size   - less  than 0.3mm 
Plagioclase   - Albite,  Bx(+),  2V = 75°, 
size  - leas  than 0.3mm 
Accessory Minerals 
Quartz  - uniaxial - ( + ),  colorless,  size 
less   than 0.25mm 
Biotite  - low 2V,  pleochroic  in lipht 
browns,   size  -  to 0.4mm 
Groundmass  - glass and  plagioclase  laths 
Rock Nmae   - Tuff 
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Sample #13 
Texture 
Degree of Cryatallinity * holohyaline 
Granularity - aphanitic 
Grain Size - Cryptocrystalline 
Mineralogy 
Minerals 
Biotite  -  pleochroic   in  browns,  low  2V 
less  than  1mm  in  size   . 
Opaques  -  less  than 0.6mm 
Groundmass  - glass 
Rock Name   - Tuff 
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Sample #14 
Texture 
Degree  of Crystallinity  - Hypocryetalline 
Granularity - aphaniti* 
Grain Size   -  inequigraniklar,  hiatal,  flow bands 
Mineralogy 
Essential Minerals 
Plagioclase  - andesine, Albite  twins, 
2V = 80°,  Bx(+),   size   -  to 2mm 
Varietal Minerals 
Chalcedony  - circular fibrous accumulations 
.Accessory Minerals 
Biotite   - pleochroic   in  browns,  low 2V, 
Bx(-)»  size     -  to  1.3mm 
Opaques  - size   to   1mm 
Groundmass.- sub-trachytic  plagioclase  laths, 
opaque8,  glass and accessory material 
Rock Name   - Tuff 
C/ 
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Sample  #15 
Texture 
Degree of CryBtallinity - hypocrystalline 
Granularity - aphanitic, microcrystalline 
Grain  Size  and  other 
Textural Features  -  inequigranular 
hiatal 
porphyritic 
Mineralogy 
Essential Minerals 
Plagioclase  - Albite   twins,  labradorite  to 
andesine,  2V = 75°,  Bx(-)» normal and 
reversed  zoning, 
Varietal Minerals 
Biotite  - 2V =   10°,   pleochroic   in green 
brown  to brown,   twinkling extinction 
size ,-  to  2mm 
Hornblende  - 60°-120°,  cleavage,  2V = 60°, 
Bx (+),  parallel extinction, rimmed 
by opaques,  replaced  bji biotite. 
Accessory Minerals 
Opaque8  -  to 0.3mm 
Groundma88  - plagioclase,  opaques and  glass 
Rock Name  - Andesite  Intrusive 
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Appendix  II 
A Report on   the Magnetic Minerals 
in Selected Samples 
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Polished  sections were also made  from   thin section 
samples,  no.'e  1,4,5, and  9. 
An 80X  oil  immersion  lens was used 
identification - magnetite  is bright white 
hematite   is dull white  to  tan 
kagnetite  grains    ranged  from  20 microns  to o.1mm. 
Henatite   grains were  less   than 80 microns. 
All  samples were  similar in appearence,  only  the 
percentage  of magnetic minerals differed. 
Sample #1 
M 85-90* 
H  10-15* 
Sample  #4        Sample #5 
M 90-95* M 75-80* 
H  5-10* H  20-25* 
Sample #9 
M 90-95* 
H 5-10* 
11 = magnetite H = hematite 
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VITA 
On April 30, 1952, in Allentown, Pennsylvania, a 
son was born to Vincent and Nancy Pletrobon, and he was 
named in honor of his father. Vincent, Jr. received his 
elementary and secondary education within the Parkland 
School District and was graduated in June 1970 fron 
Parkland High School in Orefield, Pennsylvania. 
In the fall of 1970, Vincent entered Lehigh Uni- 
versity. He received a Bachelor of Science degree in 
Geological Sciences on May 26, 1974.  While at Lehigh, 
Mr. Pietrobon received the 1973 Amax Scholarship. 
Upon graduation, Vince worked some seasonal 
occupations before being hired by the Alaska Resource 
Science Corporation. While with ARSC, he was employed 
as a field engineer on the Trans-Alaska Pipeline 
Project. 
He undertook graduate studies at Lehigh University 
in January 1977; and, in June of 1978, he began his 
employment with the Geological Survey Staff in the 
Commonwealth of Pennsylvania Department of Environ- 
mental Resources. Vincent has been a member of the 
Geological Society of America since 1972. 
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